Introduction
The semi-enclosed nature of the Mediterranean Sea, together with its small inertia which is due to the relatively short residence time of its water masses, make it highly reactive to external forcings. The Mediterranean Sea's circulation is characterized by a complicated thermohaline circulation, where dense water formations play a major role in the dynamics of intermediate and deep water masses, on nutrient injection towards the surface, and organic matter export. The Mediterranean Sea's surface layer is under strong influence of the continents (riverine and atmospheric inputs), gas exchanges and solar radiations. This region, which has been identified as a "hotspot" for climate change, is therefore expected to experience environmental impacts that are greater than those in many other places in the world ocean. These increasing pressures interact with the increasing demographic and economic developments occurring heterogeneously in the coastal zone, making the Mediterranean even more sensitive. The current knowledge on expected changes due to individual forcings (hydrodynamics, solar radiation, temperature, acidification, chemical contaminants) and combined forcings (combination of the previous forcings, nutrient sources and stoichiometry, extreme events) affecting the biogeochemical fluxes and ecosystem functioning have been synthesized in the Special Issue on the MERMEX project published in Progress in Oceanography in 2011 (The MERMEX group, 2011) . The MERMEX project (https://mermex.mio.univ-amu.fr/) aims to deepen the current understanding of the Mediterranean marine ecosystems to better anticipate their upcoming evolution under the pressure of climate change and anthropogenic activities. This is part of the MISTRALS program ("Mediterranean Integrated STudies at Regional And Local Scales").
In addition to the present special issue, several MERMEX findings on specific topics have been published elsewhere (https://mermex.mio.univ-amu.fr/?page_id=1792). These studies have been conducted in collaboration with large European projects (PERSEUS, HERMIONE, MEDSEA), other MISTRALS programs (HYMEX) or national projects (MOOSE, LABEX OT-Med). They address the formation of dense water, ocean acidification on marine planktonic communities, and the influence of extreme events (floods, storms) on the delivery and fate of particulate organic carbon, nutrients and contaminants in the coastal zone. The dynamics of dense water formation in the northwestern Mediterranean was explored based on numerous observations and high-resolution modelling (Testor et al., 2017 and related papers). Results highlighted the effects of (sub)mesoscale and intrinsic ocean variability, and enabled the estimation of dense water formation rate and the modification of water masses characteristics. The effects of convection on biogeochemical budgets, planktonic biodiversity, and trophic levels functioning were eventually tackled. Large-scale field observations, experimental work, and modelling have been done to quantify the potential effects of CO 2 enrichment in the Mediterranean Sea. Results pointed out that there is no anthropogenic CO 2 -free water within the Mediterranean Sea, which stores a large amount of anthropogenic carbon, particularly in the western basin. In the frame of the MedSea EU project, they also showed a lack of response of the Mediterranean planktonic communities to CO 2 enrichment because of the low availability of nutrients (N, P) (Maugendre et al., 2017 and related papers). Regarding extreme events, a clear link has been established between high frequency events (floods, storms) and the recycling of particulate organic matter in the sediment (Cathalot et al., 2013) , as well as the export of particulate matter from the coastal zone to the open sea (Bourrin et al., 2015) . In urbanized bays, contrasting sources (mainly from rivers during floods, but also from wastewater treatment plants during mean conditions) controlled pollutant fluxes, as well as their overall levels in coastal waters, and most probably their potential impact on living organisms (Oursel et al., 2014) . It gathers multidisciplinary studies at different temporal (from short-term process studies to annual time scales) and spatial scales (from statistical and biogeochemical models coupled with physical model and budgets at the whole Mediterranean Sea scale, to more regional studies at the scale of individual bays). Twenty years after the publication of the main findings of the European project EROS-2000 (European River Ocean System, the Western Mediterranean Sea) (Martin and Milliman, 1997) , this Special Issue highlights how our knowledge was upgraded by new observations made to improve existing nutrient and contaminant budgets (from rivers and atmosphere, for example). In twenty years, new themes have emerged due to human and climate change effects. They affect for example, the impact of micro-plastics and the consideration of changes in environmental conditions such as temperature and pH. Progress in knowledge is also due to multidisciplinary efforts particularly the combination of increasing observations and modelling, the emergence of statistical modelling in the Mediterranean Sea and the better consideration of the complexity of the system. The work gathered here covers the following themes: (i) the Mediterranean ecoregions, (ii) atmospheric deposition: observations, process studies in seawater and impacts,
(ii) the inputs, fate, and impacts of riverine water, sediments and organic matter, (iv) the origin, distribution and impacts of pollutants, and (v) effects of plankton size on the carbon pump. This synthesis may help for future spatial planning in scientific studies and marine management. The authors noted that because of the warming and salinity increase expected for the whole Mediterranean Sea (Adloffet al., 2015) , their synthetic view could be modified in the future. They also made their work easily available through a web-based platform (https://mermexregio.obs-vlfr.fr/). Ayata et al., this issue) .
Mediterranean ecoregions

Atmospheric deposition: observations, process studies in seawater and impacts
Mediterranean Sea surface layer is under strong atmospheric influence, including wet and dry deposition, gas exchanges and strong solar radiation. However, atmospheric deposition is often not included or is misrepresented in Mediterranean regional oceanic biogeochemical models. Along with river inputs, it represents a significant source of organic matter and nutrients at the basin scale. Among atmospheric deposition, dust from the Sahara is an important source of nutrients, trace elements and particles. (this issue) monitored the dry and wet depositions of atmospheric organic and inorganic phosphorus in eastern and northwestern Mediterranean Sea. Organic forms were dominant during the wet season, whereas, dust outbreaks resulted in high fluxes of insoluble P during dry periods. Over a seven-year period, the atmospheric flux of total dissolved phosphorus was twice as strong in the northwestern Mediterranean Sea compared to the eastern basin.
Dissolved organic phosphorus was the dominant P fraction in both wet and dry deposition, with similar fluxes in the eastern and northwestern basins. Atmospheric deposition of total dissolved phosphorus may account for up to 38% of new production in the eastern Mediterranean and may potentially enhance by 14% the new production of the northwestern Mediterranean.
Djaoudi et al. (this issue)
focused their study on the atmospheric deposition being a source of organic matter to surface waters of the western Mediterranean Sea. They quantified for the first time, the atmospheric fluxes of water-soluble organic carbon, nitrogen, and phosphorus to the surface mixed layer during stratified periods. These atmospheric fluxes, if valid for the entire western Mediterranean basin, would be higher than the dissolved organic matter flux from the Rhone River by a factor of 6, 17 and 2, for C, N and P, respectively.
This atmospheric soluble organic matter contributes to 6% of the labile dissolved organic phosphorus pool and could sustain up to 8% of the heterotrophic prokaryotic phosphate demand in the surface mixed layer of the northwestern Mediterranean Sea during stratified periods. These results highlight the need to include atmospheric fluxes of organic matter in marine biogeochemical models to achieve a more complete picture of carbon and nutrient cycle in the Mediterranean Sea.
Focusing on organic carbon compounds in aerosols, Theodosi et al. (this issue)
monitored the carbohydrate component of aerosol samples over a two-year period in the eastern Mediterranean Sea (Finokalia, Crete). Carbohydrates accounted for 11 ± 6% of watersoluble organic carbon, and the major identified sugars were glucose and levoglucosan which contributed equally (~25%) to the carbohydrate pool. The authors estimated organic carbon, water-soluble organic carbon and carbohydrates dry deposition. They inferred that the atmospheric organic carbon and water-soluble organic carbon input accounted for less than 1% of the carbon used for the annual primary production in the Cretan Sea. They also showed that the carbohydrate dry deposition flux represented a negligible fraction (<0.04%) of the C demand at the scale of the Cretan Sea. Overall, the authors' results pointed out a minor contribution of the atmosphere in the carbon cycle of the Mediterranean Sea.
Due to its weak cloud cover, the Mediterranean atmosphere is also characterized by relatively high solar radiation and more specifically, UV radiation levels (Sempéré et al., 2015) that can play a significant role in dissolved organic matter availability and microorganism activity in surface waters. This was explored by Blanchet et al.
(this issue)
who studied the responses of a bacterial community from Mediterranean coastal water after the addition of photo-oxidized dissolved organic matter originating from the Rhone Riverthe main source of fresh waters in the northwestern Mediterranean Sea -and labile dissolved organic matter from a phytoplanktonic culture. Dissolved organic matter phototransformations were related to the changes in bacterial activity and composition observed during incubation. Analysis of bacterial diversity revealed that Alphaproteobacteria and more particularly members of the genus Roseobacter were favored in the presence of photodegraded organic matter from phytoplankton, despite the lowering bacterial growth.
This study highlights the sensitivity of Mediterranean Sea microorganism community structure to environmental changes.
Inputs, fate, and impacts of riverine water, sediments and organic matter
The characterization and modelling of transfers and transformations of sediment and organic matter originating from rivers through the coastal zone is an issue of concern , as they impact coastal pelagic and benthic ecosystems, especially during episodic flood events. bottom shear stress and salinity. They found that in the replanting area considered, under strong (80 km h-1) winds, the destratification process is beneficial, but the downwind-induced coastal jet could lead to sediment mobility, which could have a negative impact on submerged aquatic vegetation replanting. Finally, the numerical simulation permits the determination of coastal zones where zostera resilience can be expected, and, reversely, to avoid (likely) unsuccessful attempts of replanting in some of these zones, as was done in the past. So, the present study provides to other partners of the MERMEX consortium (for other submerged aquatic vegetation restoration along the Mediterranean Sea such as lagoons, estuaries and coastal shorethat is subject to strong winds) a concrete example of the way to take into account the large variation of bottom shear stress in the nearshore areas.
Origin, distribution and impacts of pollutants
In the Mediterranean Sea, rivers, numerous large coastal cities, and the atmosphere are significant sources of marine pollutants. They include trace elements, organics and microplastics. In addition to previously published work of MERMEX, the present results report new findings on the distribution and dynamics of these pollutants in the coastal zone and their interaction with biota.
Cossa et al. (1, this issue) presented a chronological record of trace elements (TEs)
and lead isotopes accumulation in the Rhone prodelta sediments over the last 400 years. 
Plankton size effects on the carbon pump
The Gulf of Lion appears to be a CO 2 sink, due to the high organic production associated with winter convection (for example, Touratieret al., 2016) , and the study of the mechanisms involved in the biological pump and carbon sequestration (such as degradation and aggregation that affects size and settling of organic detritus) was tackled during MERMEX.
By combining continuous particle size estimations and discrete measurements focused on phytoplankton during a spring bloom in the northwestern Mediterranean Sea, Leroux et al.
(this issue) studied particle size distribution that gives insights into the functioning of the marine ecosystem and the efficiency of the carbon pump. They reported two particle volume They developed a method to assess the contribution of detritus in LOPC counts based on the proportion of large particles (multi-element plankton). Highest percentages of detritus were found in stratified conditions associated with high chl-a concentration. Discontinuities in density profiles alone also resulted in peaks of particles concentrations.
Riou et al. (this issue) investigated, using a particle sinking simulator system, the effect of increasing pressure on the biodegradation by a natural mesopelagic prokaryotic community of calcifying Emiliania huxleyi aggregates. They showed that both coccolithophorid cell lysis and aggregation intensified with increasing hydrostatic pressure (relative to constant atmospheric pressure), and that increasing pressure also favors the development of particle-attached prokaryotes. These results imply that coccolith calcium carbonate dissolution is likely accelerated under increasing pressure, but that the loss of mineral ballast might be balanced by the increased aggregation potential.
Summary and Next Steps
To summarize, a first consensus regionalization of the epipelagic open seas in the Mediterranean basin was proposed. This issue also indicates that Mediterranean atmosphere can be a major source of chemicals to the Mediterranean Sea and highlights the need to include atmospheric fluxes of organic matter and nutrients in marine biogeochemical models to provide an appropriate biogeochemical picture of the Mediterranean Sea. However, preliminary results suggests that bioavailability of atmospheric nutrients would apparently not be affected by the future pH conditions in the Mediterranean Sea. Mediterranean rivers provide significant souces of particles that might be exported according to the intensity of the wind and discharge and might be an important food source for benthic heterotrophic organisms. NW Mediterranean rivers export organic contaminants and trace metals that may accumulate in coastal sediment. The authors also reported the major role of large Mediterranean cities in which connected anthropogenic activities may provide trace elements to Toulon's and Marseille's coastal ecosystems and induce possible changes in the community structure of phytoplankton cells (Toulon). Similarly, occurrence of micro-plastics and phthalates were reported in the bay of Marseilles that might be explained by nearby pollution source whereas northern and southern coasts of the city of Sfax were found to be moderate-to-highly impacted by hydrocarbons.
For future studies, our results suggest that the effects of environmental changes on the organisms' community structure and spatial distribution of ecoregions requires additional studies that need to be addressed with large scale modeling efforts. Indeed, the effects of lower pH, higher temperature and surface water stratification need to be considered in future models. Finally, (1) dynamics and transfer of pollutants and plastics in the coastal zone near large urban areas and (2) their assimilation and transfer in the food web are certainly main concerns that merit additional intensive studies. Most of these objectives will be fulfilled in the framework of the second part of MERMEX including the sub-projects MERMEX-Merite and MERMEX-Peacetime.
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